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The  Government  grain-loan  program  authorized  by  the  Agricultural 
Adjustment  Act  of  1938  led  to  the  holding  of  large  quantities  of  shelled 
corn  in  farm-type  storage  structures.     At  first  conventional  round  gal- 
vanized-metal  bins  were  used  mostly,   but  later  many  types  of  wooden 
and  metal  bins,    quonsets,    and  warehouses  came  into  use. 

When  the  bins  were  new,   the  only  insects  found  in  them  were  species 
that  had  been  carried  in  with  insufficiently  cleaned  corn  or  that  had 
reached  the  bins  by  flight.     Infestations  found  during  the  first  few  years 
consisted  almost  entirely  of  grain  beetles,   the  immature  stages  of  which 
are  free   living.     Recently,    however,    there  has  been  an  increase  in 
weevils,   the  grubs  of  which  feed  inside  the  corn  kernels.     In  some  States 
more  than  one-third  of  the  bins  contain  weevil  infestations.     This  change 
in  the  insect  population  with  its  increase  of  forms  more  resistant  to 
fumigants,    together  with  the  new  types  of  storage  structures,   has  neces- 
sitated continued  research  to  develop  more  effective  fumigants  and 
dosages. 

Early  in  the  program  a  75-25  mixture  of  ethylene  dichloride  and 
carbon  tetrachloride  was  adopted  as  the  standard  fumigant  for  shelled 
corn  in  steel  bins  for  application  at  a  dosage  of  6  gallons  per  1,000 
bushels.     Later  an  80-20  mixture  of  carbon  tetrachloride  and  carbon 
disulfide  at  5  gallons  per  1,000  bushels  came  into  favor  and  largely 
replaced  the  one  containing  ethylene  dichloride. 

Many  failures  were  reported  with  these  fumigants,   but  usually  they 
could  be  accounted  for  by  the  presence  of  excessive  amounts  of  caked 
and  damp  grain  on  the  surface  or  throughout  the  bin  and  also  by  the 
large  amounts  of  dockage.     Occasionally  incomplete  kills  appeared  to 
be  associated  with  outbreaks  of  the  Angoumois  grain  moth. 

Some  of  the  tests  made  with  old  and  new  fumigants  under  varying 
conditions  and  in  various  types  of  structures  are  reported  herein. 


1/  A  portion  of  the  tests  reported  herein  were  made  in  cooperation 
with  the  Grain  Branch  of  the  Production  and  Marketing  Administration. 

2/    Resigned  April  13,    1951. 
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of  chloropicrin  in  1  gallon  of  (1)  carbon  tetrachloride,   (2)  the  80-20 
mixture  of  carbon  tetrachloride  and  carbon  disulfide,    or  (3)  the  75-25 
mixture  of  ethylene  dichloride  and  carbon  tetrachloride.     All  mixtures 
were  sprayed  over  the  surface  of  the  grain. 

Chloropicrin  in  admixture  with  carbon  tetrachloride  was  tested  at 
dosages  of  1,    1  l/2,    and  2  gallons  per  1,000  bushels.     The  results  were 
much  better  than  with  the  chloropicrin  alone,   but  even  with  the  2-gallon 
dosage  a  complete  kill  was  not  obtained. 

Chloropicrin  with  the  80-20  mixture  in  dosages  up  to  1  1/2  gallons 
and  with  the  75-25  mixture  in  dosages  up  to  2  gallons  per  1,000  bushels 
failed  to  give  complete  kills. 

The  results  of  these  tests  are  given  in  table  1.     In  the  first  three 
treatments  with  chloropicrin  alone  and  the  first  two  with  the  chloropicrin- 
carbon  tetrachloride  mixture,    the  average  number  of  insects  per  1,000- 
gram  sample  was  computed  from  two  bins.     All  the  other  averages  are 
on  the  basis  of  one  bin  only. 

Table  1. --Effectiveness  of  chloropicrin  and  chloropicrin  mixtures  in  the 
fumigation  of  shelled  corn  in  steel  bins,    1950 
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air  temperature  at  the  time  of  fumigation  was  75°.     Dosages  of  3,  5, 
and  7  pounds  of  this  mixture  were  applied  in  the  same  manner  as  the 
methyl  bromide-ethylene  dibromide  mixtures.     Practically  no  kill  of 
adult  insects  was  obtained  at  any  dosage  (table  2),   although  there  was 
little  emergence  of  weevils  from  samples  of  grain  removed  after  treat- 
ment. 

Ethylene  Dibromide-Ethylene  Dichloride- 
Carbon  Tetrachloride  Mixtures 

A  mixture  containing  7.2  percent  of  ethylene  dibromide,    29.2  percent 
of  ethylene  dichloride,    and  63.6  percent  of  carbon  tetrachloride  (by 
weight),    known  as  EB-5  grain  fumigant,   was  tested  in  steel  bins  at 
dosages  of  2,    3,    and  5  gallons  per  1,000  bushels.     The  fumigant  was 
applied  uniformly  over  the  surface  of  the  corn  in  a  coarse  spray. 
Probe  samples  taken  2  weeks  after  fumigation  showed  that  an  average 
of  one  adult  insect  per  1,000  grams  survived  fumigation  at  both  the  2- 
and  3-gallon  dosages,   but  that  at  the  5-gallon  dosage  mortality  was 
complete.     Weevils  emerged  from  samples  of  grain  fumigated  at  the 
two  lower  dosages,   but  not  from  samples  fumigated  at  the  5-gallon 
dosage. 

A  mixture  containing  18.3  percent  of  ethylene  dibromide,    24.1  per- 
cent of  ethylene  dichloride,   and  57.6  percent  of  carbon  tetrachloride  was 
found  to  be  no  more  efficient. 

1,  1-Dichloro-l-nitroethane-Carbon  Tetrachloride  Mixture 

A  mixture  containing  2  pounds  of  1,  1 -dichloro-1-nitroethane  in  1 
gallon  of  carbon  tetrachloride  (approximately  17-83  percent  by  volume) 
was  tested  at  dosages  of  1,    2,    and  3  gallons  per  1,000  bushels.     The 
fumigant  was  applied  in  a  coarse  spray  uniformly  over  the  surface  of 
eight  3,200-bushel  bins.     The  caked  and  moldy  surface  grain  was  re- 
moved and  the  surface  leveled  with  a  rake.     Grain  moistures  ranged 
from  10.3  to  13.7  percent,    grain  temperatures  from  72°  to  94°  F.,  and 
the  air  temperature  at  the  time  of  fumigation  was  80°. 

A  dosage  of  1  gallon  per  1,000  bushels  did  not  give  a  complete  kill 
of  adult  insects,   but  at  both  the  2-  and  3-gallon  dosages  the  kill  was 
nearly  complete  (table  2).     No  weevils  emerged  from  grain  samples 
taken  from  the  bins  after  fumigation. 

Bromotrichloromethane-Carbon  Tetrachloride  Mixture 

A  mixture  containing  10  percent  of  bromotrichloromethane  (by 
volume)  and  90  percent  of  carbon  tetrachloride  was  tested  at  3  and  4 
gallons  per  1,000  bushels.     It  was  applied  as  a  coarse  spray  uniformly 
over  the  surface  of  the  grain  in  3,200-bushel  metal  bins.     The  crusted 
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boom  on  a  sled  so  that  it  could  be  pulled  across  the  surface  of  the  corn 
from  outside  of  the  building  while  the  fumigant  was  sprayed  in  a  pattern 
that  covered  the  corn  from  one  side  of  the  building  to  the  other  (figs.  1 
and  2). 


Figure  1.--  Sled  with  spray  boom 
mounted  and  connected  to  pump 
and  supply  tank. 


Figure  2. --Sled  with  spray  boom 
on  surface  of  corn  in  quonset. 


The  spray  boom  is  made  of  a  24-inch  length  of  3/4-inch  gas  pipe 
bearing  a  nozzle  with  two  3/4-inch  off-center  nozzles.     It  is  held  firmly 
to  a  horizontal  support  pipe  by  U-bolts  and  strap  irons  to  make  a  pipe 
clamp.     The  support  pipe  is  of  3/4-inch  gas  pipe  fastened  by  I-bolts  to 
the  uprights  of  the  sled,    44  inches  high  for  quonsets  32  feet  wide  and 
49  inches  high  for  those  40  feet  wide.     This  pipe  can  be  rotated  by 
loosening  the  I-bolts.     A  hose-to-pipe  fitting  is  attached  to  the  front 
end  of  the  nozzle  pipe  and  a  90°  street  L  to  the  back  end.     The  nozzle 
is  attached  to  the  street  L.     The  nozzle  tips  should  be  level  with  the 
support  pipe  and  about  12  to  15  inches  back  of  it,    with  the  angle  between 
the  nozzles  about  20°  to  30°.     The  slotted  disks  in  the  nozzles  should 
have  the  wide  portion  to  the  top  or  outside  and  the  slots  perpendicular 
or  parallel  to  the  support  pipe.     In  this  position  each  nozzle  will  cause 
the  spray  to  cover  the  area  from  the  center  of  the  quonset  to  the  opposite 
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quired dosage  uniformly  ov<  Such  an  outfit  can  be  constructed 
at  a  nominal  cost,    is  easily  ham:             .rid  will  fit  into  the  b<  k. 
A  competent  crew  should  be  able  to  treat  a  quonset  in  about  30  minutes. 

D  -sages  of  2  1/2  and  3  gallons  of  the  80-20  mixture  plus  10  percent 

nethyl  bromide  per  1,000  bushels  gave  very  satisfactory  results. 


Summary 

■  ■.  80-20  mixture  of  carbon  I  Mloride  and  carbon  disulfide  at  a 

dosage  of  5  gallons  per  1,000  bushels  has  been  .indard  tr  nt 

shelled  i  orn  in  steel  bins  for  st    i  years.     '  kills 

in  out-of-condition  corn,    scarcity  of  materials,    and  the  need  for 
inf<  garding  dos:  -  of  storage  structures  led 

r  study  of  this  mix 
111  metal  bins  the  standard  dosage  of  th<  mixt..  s  satis- 

fy if  cal  Idy  sui  rain  was  itment 

un)  estations  of  tl  tnois  grain  moth  wei  In 

wooden  bins  it  dosac  gallons  per 

100  bu  I:    aJ  I   I  ins   in:  with  tl  -h.    it 

-   kill   this    insect    In   the   SUri  n.      Su: 

f  f urn  igants  proved  1  d,  but 

r   100  squai 
i  •  • 

en1  (by  volume)  of  methyl  bromi 
2  '  mixtu  i  tra<  W 

mixtui  U<  hloride  or  pi 

ed  the  1  >oin1  a 

:  .Ions  per    1  .000  1)1. 

helfl  of  tl  20  mixture  ph. 

:   i  ,000  bushels  U 

■ 

: 


- 11 


Other  fumigants  found  to  be  highly  effective  for  the  treatment  of 
shelled  corn  in  metal  bins  were  a  17-83  mixture  of  1,1-dichloro-l  - 
nitroethane  and  carbon  tetrachloride  at  2  gallons  and  a  10-90  mixture 
of  bromotrichloromethane  and  carbon  tetrachloride  at  3  gallons  per 
1,000  bushels.     The  latter  mixture  did  not  kill  all  immature  stages  of 
the  rice  weevil. 

Various  mixtures  of  methyl  bromide  with  ethylene  dibromide  and 
chloropicrin  were  unsatisfactory  under  the  conditions  of  these  tests. 
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